The effect of cisternal
Sixty patients fulfilling these criteria were divided into three groups according to treatment received: Group A, 16 patients without postoperative cisternal drainage; Group B, 34 patients with cisternal drainage only; and Group C, 10 patients with cister nal drainage and UK injection. The differences in management protocol resulted mainly from the date of treatment. Postoperative cisternal drainage was in troduced at the end of 1984. UK injection was begun at the end of 1989 and was performed with the per mission of patients and/or their families. Table 1 compares the backgrounds of the patients in the three groups. Patients in Group C were a little younger than in the other groups, but no significant difference was noted in any factor. The ruptured aneurysms were located as follows: anterior com municating artery, 25; internal carotid artery, 18; middle cerebral artery, 15; and basilar artery bifurca tion, two. All the aneurysms resulted in relatively symmetrical SAH. The distribution of the sites of aneurysms was similar in all groups.
Cisternal drainage was placed in the chiasmatic or prepontine cistern prior to dural closure. The open ing pressure was set at 10-15 cmH2O from the exter nal auditory meatus in the supine position. After postoperative CT confirmed the absence of in tracranial complications, UK (60,000 U) in sterile saline solution was injected. The drainage was oc cluded for 1 hour after UK injection. This procedure was repeated two to four times over 2-3 days. The cisternal drainage was then retained for 10 days or longer.
The diagnosis of SVS was based on occurrence of delayed neurologica deficit. Othe c 
Results
The incidence of SVS in each group is shown in Larger amounts and longer duration of CSF drainage were also closely related to hydrocephalus (p < 0.01). Ear ly clearance of subarachnoid clot was inversely related to hydrocephalus (p < 0.001). The outcomes at 6 months evaluated by the GOS are presented in Table 2 . Significant differences were demonstrated between the overall outcome of Group A and those of the other two groups (p < 0.05, x2). 
Discussion
The amount of blood deposition in the subarachnoid cisterns affects the incidence and severity of cerebral vasospasm after SAH.2."1 This study showed that postoperative cisternal drainage reduced the degree of SVS as well as the incidence."') A significant im provement in overall outcome was also noted. The amount of bloody CSF drained during the postoperative 10 days was critical to reduce the occur rence of SVS. Combined use of intracisternal UK ap parently increased the efficacy of cisternal drainage, presumably by promoting clot lysis and spasmogen clearance. A minimum amount of CSF should be drained (> 1500 ml/ 10 days) to ensure the preven tion of SVS.
Tissue plasminogen activator (t-PA) is theoretical ly superior to UK as a thrombolytic agent. Several in vestigators have provided evidence that intrathecal application of t-PA is effective for prevention of SVS.','o.12,16) Most of these workers adopted single in jection of t-PA after aneurysm clipping without CSF drainage.
However, Steinberg et a1.13) reported therapeutic failure with intrathecal t-PA injection. The mechanism and effectiveness of thrombolysis by t-PA and UK differ. We believe that enzyme mediated clot lysis followed by CSF drainage is more efficient for the removal of spasmogen than removal by CSF circulation, which might be disturbed by subarachnoid adhesion.
Quantitative evaluation of angiographic vaso spasm is not straightforward. The shortcoming of the spasm index used in this study is the lack of the information about the peripheral arteries distal to the A, or M, segments. Likewise, CT score does not measure the amount of clot in the distal in terhemispheric or convexity subarachnoid spaces, etc. Vasospasm of the peripheral arteries might cause SVS even in patients with low CT score and high spasm index. Clearance of clot in the peripheral subarachnoid spaces such as the distal interhemi spheric or Sylvian fissures and cerebral surface re quires careful consideration. However, we believe that the significant difference between preoperative and postoperative spasm indexes indicates that this value reflects the degree of cerebral vasospasm.
Cisternal drainage seems to have two opposite effects on CSF circulation: washing out subarachnoid clot and degradation products, i. e. spasmogenic substances; and possibly accelerating adhesion of the subarachnoid space by lowering the cisternal pressure and reducing the amount of cir culating CSF. The latter mechanism might explain the significantly higher incidence of hydroceph alus.',") Obviously, prevention of SVS has priori ty over possible hydrocephalus, which can easily be managed by shunting. Therefore, we believe that a large amount of CSF (> 1500 ml over 10 days) should be drained in combination with cisternal UK injection.
Intrathecal thrombolytic therapy effectively pre vent SVS. Our study shows that adequate CSF drainage after thrombolysis enhances or ensures the effect. The dosage of thrombolytic agents needs further investigation. The optimum mode of ap plication, i.e. bolus injection or irrigation, also remains to be determined. Although single injection has less risk of infectious complications, repeated irrigation might be more efficient in removing spasmogenic substances.
